Using improved antibodies to SHPS-1 [2] (also known as SIRPα1 [5] , BIT [6] and p84 [7] ) and treating with endoglycosidase F (Endo F) to shift SHPS-1 to its deglycosylated form, we observed an associated protein of 120 kDa (pp120) in addition to the previously identified pp55 and pp130. In bone marrow derived macrophages (BMM) from mice homozygotic for the motheaten (me) mutation, which lack SHP-1 protein, pp120 was hyperphosphorylated, implicating pp120 as a potential SHP-1 substrate ( Figure 1a ). The major targets of the SHPS-1-associated PTK activity were pp120 and pp55, although pp130 labeling was apparent on a longer exposure (see [4] ).
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SHPS-1 immunoprecipitates were immunoblotted with antibodies that recognize proteins of similar sizes to those associated with SHPS-1. This approach suggested that pp55 was the adaptor SKAP55hom/R [8, 9] , whereas pp130 was the adaptor FYB/SLAP-130 [10, 11] (Figure 1b) . SHPS-1 was also detected in SKAP55hom/R and FYB/SLAP-130 immunoprecipitates, respectively (see Supplementary material). The 120 kDa SHPS-1-associated protein reacted with antibodies to PYK2 [12, 13] (Figure 1c ). As we did not detect Src-family PTKs in SHPS-1 immunoprecipitates, and a major radiolabeled band in SHPS-1 immune-complex kinase assays comigrated with PYK2 (data not shown), PYK2 probably accounted for most, if not all, of the SHPS-1-associated kinase activity [4] . Comparable amounts of SKAP55hom/R, FYB/SLAP-130, and PYK2 were detected in co-immunoprecipitates with SHPS-1 from normal and me/me BMM. Thus, these associations did not require SHP-1 (Figure 1b,c) . Similar levels of SHPS-1-associated proteins were observed in normal BMM and BMM from mice lacking the Src-family PTKs Hck, Fgr and Lyn, in which SHPS-1 tyrosine phosphorylation is severely reduced (J.F.T., K.D.S., C. Lowell and B.G.N., unpublished observations). Thus, complex formation did not correlate with SHPS-1 phosphorylation.
To determine if SKAP55hom/R and FYB/SLAP-130 are the major proteins constituting the SHPS-1-associated 55 kDa and 130 kDa phosphotyrosine species, respectively, we performed immunodepletion experiments (Figure 1d ). Almost no SHPS-1-associated 55 kDa or 130 kDa phosphotyrosine-containing proteins were recovered from macrophage lysates depleted with antibodies to either SKAP55hom/R or FYB/SLAP-130. Lysates precleared with non-immune antibodies retained both species. Conversely, depleted lysates retained comparable levels of the SHPS-1-associated 120 kDa tyrosine-phosphorylated protein. These results establish that pp55 and pp130 are SKAP55hom/R and FYB/SLAP-130, respectively. As anti-SKAP55hom/R antibodies depleted SHPS-1-associated SKAP55hom/R and FYB/SLAP-130 (and anti-FYB/SLAP-130 also depleted both proteins), SKAP55hom/R and FYB/SLAP-130 must exist within a single complex with SHPS-1. PYK2 (that is pp120), however, must reside in a separate complex with SHPS-1. Gel filtration (K.D.S. and B.G.N., unpublished observations) and transient transfection experiments (see below and Supplementary material), support these conclusions. We could not immunodeplete PYK2 with available antibodies, and thus cannot be certain that PYK2 is the only protein comprising pp120.
To study how the SHPS-1 complexes are assembled, COS-7 cells were transiently transfected with constructs expressing SHPS-1, and FLAG-epitope-tagged versions of PYK2 and SKAP55hom/R or its T-cell-specific homologue SKAP55 [14] . SHPS-1 immunoprecipitates were immunoblotted with FLAG epitope antibodies to detect associated proteins. We reconstituted the interaction of SHPS-1 with either PYK2 or SKAP55hom/R (Figure 2a,b) . SHPS-1 associated with SKAP55, suggesting that SKAP55hom/R and SKAP55 share some functions. Also, the coiled-coil domain of SKAP55hom/R must be dispensable for interaction with SHPS-1, as SKAP55 lacks this domain. Attempts to reconstitute the SHPS-1-FYB/SLAP-130 interaction revealed minimal association. Cotransfection of SHPS-1 and FYB/SLAP-130 with either SKAP55hom/R or SKAP55, however, markedly increased SHPS-1-FYB/SLAP-130 association ( Figure 2c ). As SKAP55hom/R and SKAP55 bind FYB/SLAP-130 [9, 15] , and SKAP55hom/R, FYB/SLAP-130 and SHPS-1 form a single complex (Figure 1d ), FYB/SLAP-130 recruitment to SHPS-1 occurs through SKAP55hom/R.
We next tested SKAP55 mutants lacking specific functional sub-domains (see Supplementary material) for interaction with SHPS-1. Mutants lacking the pleckstrin homology (PH) domain (∆PH) or three potential sites of tyrosine phosphorylation (3Y3F) co-immunoprecipitated with SHPS-1 (Figure 2d) . A mutant lacking the Src homology 3 (SH3) domain (∆SH3) failed to co-immunoprecipitate SHPS-1, implicating this domain in the SKAP-SHPS-1 interaction. Conserved tryptophan residues within SH3 domains typically mediate binding to proline-rich sequences in target proteins [16] . Surprisingly, a point mutant of one such critical tryptophan (W333K) in the SKAP55 SH3 domain retained association with SHPS-1 ( Figure 2d ). As expected [9, 15] , W333K (and ∆SH3) did not interact with FYB/SLAP-130 (Figure 2e) . Thus, the SKAP55 SH3 domain is required for assembly into the SHPS-1 complex, but this interaction does not require the usual SH3-proline residue contacts. Conventional binding to the SH3 domain was required for recruitment of FYB/SLAP-130 (through SKAP55hom/R) to the complex. Thus, distinct surfaces within the SH3 domain might mediate the SKAP-SHPS-1 and SKAP-FYB/SLAP-130 interactions. Consistent with the immunodepletion studies, As SHPS-1 [2, 3, 17] and PYK2 [18, 19] participate in integrinmediated signalling, we examined the phosphorylation of components of the SHPS-1 complexes following plating of BMM onto fibronectin. Tyrosine phosphorylation of SHPS-1 increased upon plating, with a concomitant increase in its association with SHP-1 ( Figure 3a) . Tyrosine phosphorylation of total (see Supplementary material) and SHPS-1-associated PYK2, SKAP55hom/R and FYB/SLAP-130 was also induced by cell attachment. Phosphorylation of the associated proteins increased without an increase in their association with SHPS-1 ( Figure 3a ,b and data not shown). Thus, SKAP55hom/R and FYB/SLAP-130 might help transmit and/or regulate signals from leukocyte integrins.
Our data support a model in which SHPS-1 recruits SHP-1 to the membrane in response to adhesion, localizing it near potential substrates. In the absence of SHP-1, one might expect integrin signaling to be abnormally regulated. Indeed, BMM from me/me mice exhibit enhanced adhesiveness ( [20] and our unpublished observations). Perhaps as a consequence of the enhanced tyrosine phosphorylation of SKAP55hom/R, FYB/SLAP-130 and/or PYK2 that occurs in me/me BMM ( [4] ; results shown here, and J.F.T., K.D.S., C. Lowell and B.G.N., unpublished observations). Enhanced phosphorylation of SKAP55hom/R and FYB/SLAP-130, for example might alter their known interactions with other signaling proteins, such as SLP-76 [11, 15] . SLP-76 interacts with the Rho family exchange protein Vav [21] , and Rho family G proteins regulate cytoskeletal rearrangements [22] . Increased PYK2 activity could contribute to enhanced adhesion, FAK (focal adhesion kinase), a relative of PYK2, controls adhesion in other cells [23] . Finally, our results demonstrate at least one inhibitory immunoreceptor has functions besides delivery of tyrosine and lipid phosphatases. Other members of the inhibitory immunoreceptor family might also have scaffoldlike properties.
Materials and methods
Transfections were performed using Superfect (Qiagen). Lysates were prepared 36 h post-transfection. FLAG-SKAP55 mutant: Primary BMM were cultured as described [4] . COS-7 cells were cultured in DMEM plus 10% fetal calf serum. SHPS-1, SKAP55hom/R and FYB/SLAP-130 antisera were described previously [4, 8, 22] . PYK2 antibodies were from H. Avraham (Beth Israel Deaconess Medical Center). Lysis, immunoprecipitation, Endo F treatment and immunoblotting were performed as reported [4] . For adhesion experiments, BMM grown for 7 days on bacterial dishes were scraped in phenol-red-free media, washed once, and resuspended at less than 5 × 10 6 cells per ml. Cells were allowed to recover for 2-3 h in suspension at 37°C with gentle agitation, and then adhered to fibronectin-coated plates (15 µg/ml in 3 ml PBS per 10 cm plate) or kept in suspension; 20 or 90 min post-plating, cells were lysed with 1× lysis buffer (1% NP40, 1% sodium deoxycholate, 50 mM HEPES (pH 7.4), 150 mM NaCl, 1 mM EDTA, 2 mM Na 3 VO 4 and protease inhibitors). Suspension cells were lysed directly into 5× lysis buffer.
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Supplementary material
Supplementary material including additional methodological detail and figures is available at http://current-biology.com/supmat/supmatin.htm. 
Figure S1
Associated PTK activity in SHPS-1 immunoprecipitates from normal (N) and me/me mice. SHPS-1 and non-immune (NI) immunoprecipitates from normal and me/me BMM were subjected to autokinase assays and the products were analyzed by SDS-PAGE and autoradiography. The migration of molecular weight standards is indicated at the left of each panel. SHPS-1 is co-immunoprecipitated using antibodies raised against SKAP55hom/R and FYB/SLAP130. Lysates from normal (N) or me/me BMM were subjected to immunoprecipitation using the indicated antibodies and were immunoblotted with SHPS-1 antisera. Total cell lysate (TCL) was also analyzed (upper panels). Blots were stripped and reprobed using the indicated antibodies (lower panels). (a) Association of SKAP55hom/R with SHPS-1 is independent of PYK2. COS7 cells were transfected with pJ3-SHPS-1, pEF-BOS-FLAG-SKAP55hom/R cDNA, and increasing amounts of the pEF-BOS-FLAG-PYK2 as indicated. SHPS-1 was immunoprecipitated and co-immunoprecipitating SKAP55hom/R and PYK2 were detected by immunoblotting with anti-FLAG antibodies. TCLs (15 µg) were blotted with anti-FLAG antibodies to determine the relative expression levels of PYK2 and SKAP55hom/R. (b) Association of PYK2 with SHPS-1 is independent of SKAP55hom/R. COS7 cells were transfected with pJ3-SHPS-1, pEF-BOS-FLAG-PYK2, and increasing amounts of the pEF-BOS-FLAG-SKAP55hom cDNA as indicated. SHPS-1 was immunoprecipitated and co-immunoprecipitating SKAP55hom/R and PYK2 were detected by immunoblotting with anti-FLAG antibodies. TCLs (15 µg) were blotted with anti-FLAG antibodies to determine the relative expression levels of PYK2 and SKAP55hom/R. 
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